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SUMMARY 
Due to modern technolo,T, screw blades 
are often manufactured by rolling them out 
of one single strip of steel. When simulta- 
neously some blade inclination is applied, less 
residual stresses and/or larger possible ratios 
between outer and shaft diameter are claimed 
by some manufacturers, which seems plausi- 
ble_ However, it is sometimes also claimed 
that the efficiency of the conveyors is in- 
creased by such an inclined blade. The under- 
lying idea is that the blade will cause extra 
pressure between the material to be conveyed 
and the tube of the conveyor_ This in turn 
would delay the angular speed of the material, 
thus resulting in a steeper upward motion 
In order to investigate this phenomenon, 
previous investigations based upon the con- 
veyance of a single point mass have been mod- 
ified for an inclined screw blade. It appeared 
that such a blade has no significant advantages 
over a normal one, which was confirmed by a 
series of tests. For completeness, tests were 
also carried out with a leading screw, resulting 
in worse results. 
In the case that the pitch equals the diam- 
eter and for friction coefficients of O-3 at 
both scre-w blade and tube wall, an increase of 
no more than 5% in capacity will occur, even 
for blade inclination angles up to 309 At the 
same time, however, the efficiency can drop 
by 15%. 
INTRODUCTION 
The available literature on this subject can 
be divided into two categories. In the first 
[l - 61, it is assumed that there is only one 
single particle inside the conveyor to be con- 
veyed_ Its axial velocity can be calculated rela- 
tively simply_ -4 usual next step then is to as- 
sume that for a normally loaded conveyor the 
axial velocity of each particle will be the same 
as calculated for the single one. It is not clear 
to what extent this approsimation is permis- 
sible_ The second category [7 - 121 covers the 
normally loaded screw. Both capacity and 
required power are not easy to calculate. Con- 
sequently, most of these investigators deter- 
mine the characteristics esperimentally. Re- 
grettably, the influence of the parameters can 
only be traced this way to a limited extent. 
When it comes, however, to comparison of 
the characteristics of an inclined screw blade 
with a normal one, the last-mentioned defic- 
iency does not occur, and profitable use can 
be made of the single-particle approach_ The 
influence of all remaining parameters involved, 
such as the “pitch-over-diameter” ratio, the 
friction coefficients at blade and tube wall 
and of the shaft speed can be shown, which 
may be considered an additional advantage. 
THEORIES 
l_ Analysis 
Investigations made by others, and also the 
experiments that will be described here, have 
shown that in the case of normally loaded 
conveyors the particles prevent each other 
from rotation, so that kinetic friction is pro- 
vided at blade and tube. From esperiments 
with small parallelepipeds of copper and poly- 
vinylchloride (PVC), injected in a running 
model conveyor, it appeared that they moved 
upward in a screwline motion. The angle 
included by this path and the horizontal will 
be referred to as the conveyance angle and 
indicated by -y_ 
In Fig. 1, the particle velocity is represented 
by u and its horizontal and vertical compo- 
nents by uh and u,. respectively_ The point 
mass moves parallel over the screw blade with 
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Fig_ l_ Velocities zt the tube wall. 
a velocity u,. The circumferential velocity of 
the screw blade itself is indicated by u,. When 
the angular speed of screw and point mass is 
w ,, and o respectively, then 
w tana! 
-= (1) 
WO tanCY+taIir 
the angular speed ratio (w/w,,) and the con- 
veyor angle (y) being the two unknowns_ In 
order to solve for y, a necessary second equa- 
tion can be produced from the equations of 
motion for both the normal and inclined screw 
blade, as will be shown. 
Normal screw Halhe 
In Fig_ 2 the hypothetical case is illustrated 
that the conveyor’s content of g-ran&u- mass 
is concentrated in one point mass that is being 
propelled while keeping sliding contact with 
both screw blade and tube wall. 
There are three forces acting upon the point 
mass, viz: 
the body force mg, 
the tube force, of which the normal com- 
ponent N and the component Ft in the local 
tangential plane of the tube are indicated, and 
the blade force F. 
As FL represents the friction force exerted 
by the tube on the point mass, it will be direc- 
ted opposite the velocity U_ Therefore Ff will 
include the conveyance angle r with the hori- 
Y 
zontal. For the vertical, tangential and radial 
direction, it holds that 
F,-mg-Ftsiny=O (2) 
F,-Ftcosy=O (3) 
N-mmw’r= 0 (4) 
AISO, 
F,/F,. = tan(a + 6,) (5) 
Ft = ~tff (6) 
These equations can be solved for the ratio 
w*r/g = U, leading to 
u=w*r/g= 
1 
[ - 1 
(7) 
cos y 
Pt 
hn(a + OySin y 
Rep!acing U by 
(-g2(%) = (E)*K% (8) 
in which KA represents the conveyor accelera- 
tion number, equal to wgrfg, the next equa- 
tion is obtained: 
UC w *jy ( 1 
1 
[ - 1 
(9) 
wo cos y 
Pt tan(ar + O,)-S1n y 
It will be clear that for a given geometry 
the kinetic coefficient of friction included, 
and operating condition (KA) of the conveyor, 
both y and w /we can be solved from eqns. (1) 
(a) (b) 
Fig. 2. Forces acting upon a point mass during stationary transpo& 
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and (9). From Fig. 2 also follows the axial 
conveyance velocity v,., which amounts to 
v,.=v~tany=wrtany= wartany= 
w 
= 
i ) - v, tany (10) 
\Wf-Jf 
This means that for a given content of granular 
mass, inside the conveyingsection, the capacity 
can also be calculated. 
A simple expression for the efficiency of 
the conveying section can be added to the 
preceding theory_ Therefore the net power 
consumption is defined as the power needed 
to elevate the point mass_ The gross power 
consumption is defined as the power needed 
to drive the shaft; bearings and air resistance 
excluded_ With those definitions, net and gross 
power consumptions P, and Pg respectively 
amount to 
P, = mgv,_ = mg 
C 1 
Jf- v, tanY 
00 
(11) 
and 
P, = F+ cos y w,,r, = F,v, cos y (12) 
From the equations of motion, Ft can be 
expressed as follows: 
Ft = 
mg 
1 1 
(13) 
cos y 
+ c&l 
-MY 
Substitution of (13) into (12) and dividing 
the net by the gross power consumption leads 
to the efficiency 
The minimum required acceleration number 
KA to achieve transportation follows from (9) 
in taking 7 = 0 and simultaneously w/w0 = 1, 
which gives 
(15) 
This value wiII be referred to as the criticzd 
acceleration number- At normal stationary 
operation conditions, KA > KAO _ From (15) it 
also appears that no transportation wih be 
possible when LY + Qs > a/2. 
Inclined SCEW blade 
The significant difference with the normal 
screw is that the force exerted by the inclined 
screw blade also has an outward acting com- 
ponent (FXi)_ (In order not to get confused 
with the analysis as given for the normal screw, 
the index “i” u-ii1 be added here.) Therefore 
the following equaticns should replace those 
of (2), (3) and (4): 
F,i-mg-FQsinyi=O (16) 
Fzi - Fti COS yi = 0 (17) 
Ni - Fxi - w?rm = 0 (18) 
Solving for wf?r/g, and making use of Fti = 
~tlvi, produces: 
z 
,;r 2 
-1 
j-Ji =- 
g 
=KAi 
( > 
2 =Pt cosYi 
Y--Ztanyi 
(19) 
wo 
in which 
2= F=,fF,, 
and 
Y= FyJFxi_ 
The ratio between the three components 
Fxi, F,! and Fzi of the blade force F is appar- 
ently significant and can be obtained from 
Appendix 1 I 
Fxi:F,i~Fzi =COSQ sinO:(cosa cos p -X sin CY): 
(sine cosp +X cosa) (20) 
in which 
A = fi, Jl - sin%-r sin2fl 
From this follows that in (19) 
2 = (sin (Y cos p + h cos e)/(cos e sin P) 
(21) 
(22) 
Y = (cos (Y cos .O - h sin cu)/(cos Q sin p) (23) 
Solving the equations of motion for Fti 
gives 
Fti = 
mg 
COS ri( Y/Z - tan ri) 
(24) 
Using this expression, the efficiency ni = 
mg/(F& cos yi) can be transferred into 
I)i = (z)hl yi(Y/z--tan Yi) (25) 
in which apparently 
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cosa cosp --x sin OL 
y’Z= sine cosfi f X case 
and X according to (21). 
The conveyance velocity r+ can be expres- 
sed as 
cJ,i = uhitan fi = wr tan ri = 
wi 
= ( 1 -- WOT tZl yi = (26) wo ( ) ” Usi tZUl yi wo 
The criticaI acceIeration number K-a& fol- 
10~s from (19) in taking yi = 0 and simulta- 
neously (Wi/we) = 1, leading to 
Ir’. _ = fsina cosp +h cosa --tcosorsinp 
-'O* 
I-cc cosaco~~-Xsina 
[27) 
2. Ekzboration of the equations 
A simple and direct method to obtain the 
characteristics of the conveyor would be to 
vary tan y and calculate the corresponding 
w/w0 values from (l)_ This set of data could 
have been substituted in (9) and (19) in order 
to find the K, and KZxi values, respectively_ 
Such a procedure, however, would have rest& 
ted in a set of different values for KA and KAi 
which is not very convenient for comparative 
purposes of both the efficiencies and the rela- 
tive elevation velocities of both types of screw 
conveyors. Therefore K, has been varied in- 
stead, followed by cakulation of the data for 
w/w0 and tan y from the sets of equations 
(l-9) and (1,19) respectively_ Calculation of 
the relative eIevation velocities U, ui then fol- 
Iowed simply from (10) and (26), and their 
ratio UR = Ui/U also. The same holds for the 
efficiencies- 
Calculating the values for the normal screw 
as a special case of the inclined blade by put- 
ting the inclination angIe zero was not con- 
sidered, because of zero dividings Instead, fl 
has also been taken very smaII and the results 
compared with those for the normal screw_ 
Figure 3 represents the bIock dia,gram_ 
Computations were made in the nest rounded- 
off figures of the parameters: 
POD (Pitch overDiameter) = O-2,0.4, 0_6,0_8, 
1.0 and 1.2 
= A% pt = 0_2,0_3 and 0.4 
ps = 0.3, /l, = 0.4 
= O-4.& = o-3 
;’ = 09 13 loo_ 20” and 309 
The most significant results, which wiII be dis- 
cussed later, are represented in Figs. 4-5 and 6_ 
Fig_ 3. Block diagram for calculation of the screw 
characteristics_ 
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Fig. 5. Theoretically expected “improvements” From 
an inclined screw blade. Relative improvement Factor 
for the conveyance speed (uu = Vi/U) has been plotted 
us_ the inclination angle 0. The proportional saving in 
power consumption with respect to a normal screw is 
Z&O illustrated (4~ = 1 -_/~)i)- 
Fig. 6. “Improvement factor” UR and power saving 
(1~) as a Function of the screw acceleration number 
KA- 
EXPERIMENTS 
1. Test device 
Experiments were carried out with the 
model conveyor of Fig. 7. Granular material 
was circulated in a closed loop through the 
screw conveyor_ After leaving the discharge of 
the conveyor, the granules flow down through 
a flow-meter based on the principle of the egg- 
glass. By a specially designed choking device a 
very small throughput of granules could be 
adjusted_ 
In this way a small strip of granular material 
could be achieved moving upward along the 
outer rim SC the screw blade, thus simulating 
the situation for the single point mass as far as 
the distance to the centre-line of the screw is 
concerned. The motion of the granules at the 
tube wall could be observed through two small 
windows in the tube_ The total moment on 
the tube, caused by frictional forces of the 
granules, could be measured externally as the 
tube was supported in two air bearings. The 
screw moment could be measured by a mea- 
suring arm as the motor screw combination 
was suspended from a piano string which took 
the axial load, and a small bearing for central- 
ising the motor shaft. The behaviour of rape- 
seed, millet and spinach as granular material 
was observed within the following ranges: 
coefficient of friction: O-30 =S fl, =pt < 0.35, 
pitch over diameter: 0.40 < p/2r < 1.11, 
blade inclination: 0” and 30”; one exemplar 
with -30°, 
inside tube diameter: 50% mm, 
tube length: 448 mm, 
clearance between tube and screw: 0.4 mm. 
The shaft speed was varied from 5 to 
1400 r_p_m. By taking instant pictures through 
the small windows, the conveying angle y 
could be calculated afterwards with the aid of 
a grid of fine lines which was provided at the 
inner side of the windows. 
The coefficients of kinetic friction between 
the granular materials used, and the significant 
parts of the conveyor were separately measured 
in the device of Fig_ S_ This apparatus was 
provided with rings of the same material and 
roughness as the screw blade and tube wall. 
For millet the kinetic coefficient turned out 
to be 0.3, whereas for rapeseed and spinach 
0.35 was measured. 
2. Test results 
In Fig_ 9(a) and (b), both the theoretical 
relative conveying velocities and efficiencies 
are illustrated for the normal and inclined 
screw blade respectively, relative pitches 
(POD) being parameter. The experimentally 
obtained relative conveying velocities, taken 
at KA values of 18.17,28_39, 4069 and 55-65, 
for rape, millet and spinach all fit very well 
with the theoretical values. This was not only 
due to the satisfactory method of measure- 
i II------ -- - + 
-_ _ _ - _-_-_= F 
Fig_ 8. Apparatus for measuring the angle of sliding 
friction_ 
Fig. 9. ExperimentzI results. as obtained with rape, 
millet and spinach. compared with theoretical curves 
indicated with solid iines. Five normal SCTWS with 
different pitches were appIied and also tiv? with an 
angle of inclination of 30°, cases (a) and (5) respec- 
tively_ 
ment, but probably also to the small sensitivity 
of the conveying angle 7 for the kinetic coef- 
ficients of friction as long as they have the 
same value. 
As readings for power consumption showed 
much more spread (up to + 12’S), measure- 
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ments were taken for different relative fills 
ranging from 0.5 down to 0.1. 
The corresponding efficiencies were then 
plotted uersus the relative fill and extrapolated 
to zero fill values. In this way an increased 
accuracy went together with a perfect simula- 
tion of the single point mass situation_ The 
esperimental results thus obtained coincided 
with the theoretical efficiencies as shown in 
the lower part of Fig. 9_ The experimental 
results are not shown here, hcwever, because 
it would result in a very blurred picture. It 
was observed that the efficiency for millet 
was somewhat higher than for rapeseed and 
spinach, which fits in well with the measured 
differences in the kinetic friction coefficients_ 
DISCUSSION 
Figure 9 shows satisfactory agreement with 
the experiments. As no big differences were 
measured with the inclined screw blades, the 
original idea of also providing a set of 15c- 
inclined blades has been waived. Although on 
a physical basis no improvement can be es- 
petted for leading screw blades, an esemplar 
has been made with an angle fl = -30” for the 
case of POD = 0.945. The vertical transporta- 
tion velocity (q) turned out to be even 11% 
lower than for fl = +30°, at almost the same 
efficiency_ As the conveyor performance for 
very small fills, of a point mass, can be de- 
scribed sufficiently with the developed theory. 
the discussion will be continued by consider- 
ing Figs. 4 - 6, which represent a part of the 
data produced_ From Fig. 4 (top), it can be 
seen that the relative conveying velocity 
(V = v,/u,) is almost independent of the incli- 
nation 0. The same will hold for the through- 
put at constant fill. It depends, however, con- 
siderably on the relative pitch (POD) and on 
the acceleration number of the screw (K* = 
WS-/gj. 
The efficiency generally drops with blade 
inclination, large pitches excluded_ For exam- 
ple, for POD = 1.2 a small increase of 1 or 2% 
can be expected for an inclination angle of 
about 8O. 
In order to clarify the comparison, Fig. 5 
(top j shows the conveyance velocities of the 
inclined screw, relative to those of the normal 
screw, Le. 
vi 
L.‘R = -= V 
(2s) 
The figure shows that onIy slight improve- 
ments, of the order of 5%, can be achieved at 
30’ in&nation and for common POD values 
of OS to 1-O. This small improvement, how- 
ever, wit1 take up to about 15% more power, 
as can be seen from the lower part of the 
same figure, where the relative saving in power 
consumption has been plotted proportionately_ 
The relative reduction amounts to 
For reIative!y large pitches (POD) a some- 
what better efficiency will occur, but ironical- 
ly this is accompanied by a lower conveyance 
velocity_ Figure 6 finaI!y represents the same 
factors (oK and 1~) in dependence on the 
acceleration number (KA)_ Apparently some 
improvement ten be obtained simultaneousiy 
in both conveyance and efficiency, at K,, 
numbers smaller than IO_ This, however, 
makes no sense for two reasons. First, K_4 
values of about 15 are common, otherwise 
the throughput is too small to be economic_ 
Secondly, the “improvement” in efficiency 
happens to occur in the region of low effi- 
ciencies, as illustrated by the lower part of 
Fig_ 6_ That improvement in the conveyabil- 
ity, if any, will indeed occur at low K_X num- 
bers can be deduced also from the lower 
required critica! speed for the inclined screw- 
blade, ie_ KAoi < KAO_ This is discussed fur- 
ther in Appendis 2. 
The resuks for the other chosen values of 
the parameters, ie. the coefficients of fric- 
tion, were not significantIy better. Therefore 
they are not reported here_ 
It might be that the rolling of screw blades 
out of one piece of material, with a somewhat 
inclined screw blade, has some technical 
advantages_ This then must be the smaller de- 
formation energy required compared to the 
normal helix, while there remains the existing 
advantage of work-hardening of the flight. 
From an operational point of view, how- 
ever, there are no advantages to speak of at 
common running speeds, and for inclinations 
even up to 309 For instance, the slight im- 
provement in capacity of the order of 5% 
which can be achieved at 30” inclination for 
common pitch-diameter ratios of 0.8 to 1.0 
will take up about 15% more power. 
LIST OF SYMBOLS 
force exerted by the screw blade upon 
the point mass, N 
sliding force exerted by the tube upon 
the point mass, N 
radial component of F, N 
axial component of F, N 
tangential component of F, N 
gravity, m/s2 
acceleration number, expressing the 
centripetal acceleration of a fixed point 
of the screw at its outer radius relative 
to gravity, 1 
critical acceleration number; the value 
of K_* for which the point mass is ten- 
ding to move upward, 1 
mass of the point mass, kg 
normal force exerted by the tube wall 
upon the point mass, N 
gross power, i.e. power required to 
drive the shaft, Nm/s 
net power, i.e. power required for pure 
conveyance, Nm/s 
inner tube radius, m 
acceIe,=tion number, expressing the 
centripetal acceleration of the point 
mass relative to gravity, 1 
dimensionless conveyance velocity, 
equals u,&, 1 
ui relative to 0, i.e. Vi/U, 1 
velocity of the point mass, m/s 
horizontal velocity of the point mass, 
m/s 
screw velocity, i-e_ the velocity of a 
fixed point on the outer radius of the 
screw, m/s 
vertical velocity of the point mass, m/s 
auxiliary coefficient, 1 
auxiliary coefficient, 1 
helix angle of the screw, rad 
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P 
Y 
Pt 
OS kinetic angle of friction at screw blade, 1 
Qt kinetic angle of friction at tube wall, 1 
w angular speed of point mass, rad/s 
wo angular speed of screw, rad/s 
angle of inclination of the screw blade, 
measured in a radial plane, rad 
angle of conveyance, i.e. helix angle of 
the path of the point mass, r-ad 
efficiency, 1 
auxiliary coefficient, 1 
kinetic coefficient of friction at screw 
blade, 1 
kinetic coefficient of friction at tube 
wall, 1 
Indices 
In the case of the inclined screw blade the 
indix “i” has been added when convenient or 
necessary 
APPEN!XXl 
The mutual relation between the radial, 
tangential and vertical components of the 
screw blade force will be determined first. As 
the relative path of the point mass is always 
tangential to the outer helii of the screw 
blade, there will be no friction component in 
the local radial plane_ In Fig. 10(a), Q repre- 
sents a unit vector that coincides with the 
direction of motion of the screw relative to m, 
whereas b is a unit vector in the local radial 
pIane and coincides also with the screw blade. 
These two unit vectors, Q and b, define the 
orientation of the small screw blade element 
at the point mass and therefore the direction 
of the normal n on this element too. The 
local force exerted by the blade upon M lies 
in the plane that contains the rectors n and Q 
and coincides with vector c, which includes 
the friction-angle 0, with normal n as iilustra- 
ted in Fig. 10(b). Apparently: 
a =-sina j+cosark 
b=-cosPi+sinpj 
n=bXa= 
i j 
- cos .G + sin p 
I +o -FSiIlB 
k 
+O 
+cosQI 
(a) (b) 
Fig. 10. Determination of the direction of the force 
exerted by an inclined screw blade upon the point 
ma.524 m. 
and thus 
i, i and k being unit vectors in positive x, y 
andz directions, respectively. Also, c = q + Xa, 
in which X = In tg 0,I/loi so that 
X = Jl - sin20t sin’P tg 0+ = 
i 
= pS JI - sin2& sin*/3 
Working out c finally gives 
c=coscusinfli+(cosa!cosfl-Xsinc~)j+ 
+ (sin Q cos /3 + h cos a)k 
from which it follows that 
F,:F,:F, =cosa sinp:(cosor cosp --h sine): 
:(sin a! cos fi + h cos a) 
in which X = p, Jl - sin*a sin*p 
144 
APPENDIX 2 
By simple reasoning it can be demonstrated that, at very low speeds, the vertical conveyance 
velocity for the inclined screw blade will indeed exceed that for the normal screw. Use will be 
made of the critical speed. First the physical meaning of the inclination will be discussed by 
introduction of an apparent coefficient, - and angle of friction, & and 0: respectively_ It will be 
proved that the inclined screw blade has, as far as the equilibrium of the forces in the tangential 
plane is concerned, the same effect as a higher kinetic coefficient of friction for a normal screw 
blade. Therefore this apparent angle of friction is defined as the angle that has to be added to the 
helis angIe Q in order to find the angle enclosed between the component of the blade force in the 
tangential plane and the vertical, Fig. 11. The apparent coefficient of friction then equals: 
US ‘=tan& (30) 
It is postulated that the quotient K,/K>_ can be very well approximated by introduction of 
(31) 
This will be proved first by comparison of the exact expression for &/EC,., from Appendix 1, 
with the approsimate one which can be obtained in using (31). 
;r 
tana+’ 
tan% 
cos p I f tan% 
(h-Jf&) = 
I-~tana 
tan*cY 
cos p 1+ tan*a 
As (3 = 30”andtana IndK - = l/z, the second factors in the square roots are much smaller than ma.x - 
the unit, which transforms the equation into 
tana+ 
(KfK,) = 
c$ (1 - 0.5 sin’p 1 ;=-+&J 
1-K tancr 1 
cos fl ( - 025 sin*0 
tan% 
1+ tan% ) 
The approximated value of Z/K,. can be obtained by making use of Fig. 11 and (31): 
Ys 
tana+- 
(hT,!K,),,,,_ = t.an(cr + 0,;) = 
cos p 
I--tantan 
cos p 
Fig_ II_ Defmition of the angle of friction 0: between 
point mass and screw blade. 
(3% 
(33) 
Fig_ 12. Comparison of the exact and approximated 
value of K, /KY _ 
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Subtraction of the unit from the quotient of (32) and (33) leads to the relative error as intro- 
duced by assumption (31). The combination of the values assigned to p and a, as mentioned 
before, produces the errors as shown in Fig. 12. 
It can be concluded that the error introduced will not be greater than 0.6% and the use of the 
apparent coefficient of friction & = ps/cos 3 is therefore justified. 
Figure 13(a) illustrates the case of a normal screw blade with a unit point mass tiar is tending 
to move upward at K,,,, = 1, i.e. N = lo*rl = Igl. The tube force Ft still acts horizonkilly and 
opposes K, _ What happens when the screw blade will be replaced by a 30” inclined one? In the 
first pIace the normal force N exerted by the tube on the point mass will increase with the radial 
body force component with a factor X.577_ Secondly_ as can be seen in making use of the appar- 
ent coefficient of friction, K,/K,. will increase somewhat, thus tending to increase K, _ This increase, 
however, is considerably less than that of the normal force, and amounts to 
WzIKy)aoa = tg(a + 0:) O-7467 .+ 1_og3 
=-= 
UC/&. )oc tg((~ -I- (3,) 0.6832 
for Q! = arctan(l/n) and @, = 0_3_ 
Because K,. is constant, this means an increase of only 9.3% of K=_ On the other hand N, and 
thus the maximum tube force Ft that can be mobilised, is increased by 57.5%. Consequently the 
point mass will actually move upwards, due to disturbance of the horizontal equilibrium in the 
tangential plane. This means that rest of the point mass, relative to the screw, can be restored 
by lowering the speed. In other words, Kxoi < KA,, _ 
The conveyance velocity of vertical screw conveyors can therefore indeed be improved some- 
what, but unfortunately at very low, and thus non-relevant, operating speeds. 
0 E * 
(a) (b) 
Fig_ 13. Illustrating a unit ooint mass that is tendinn to move upward, case (a)_ The extra normal component at 
the tube wall cause> by an inclined blade is shown iA case (b). 
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